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(54) Fuel injector 

(57) A fuel injector comprising a valve needle (12) 
which is slidable within a bore (11), a surface associated 
with the valve needle (12) defining, in part, a control 
chamber (28) which communicates, through a restric- 
tion (25), with a supply passage. The fuel injector also 
includes an injection control valve (33) controlling com- 
munication between the control chamber (28) and a low 
pressure reservoir, and a drain valve (46) controlling 
communication between the supply passage and the 
low pressure reservoir. The injection control valve (33) 
and the drain valve (46) include respective armatures 
(36, 48) moveable under the influence of a common 
electromagnetic actuator (37). 
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Description 

[0001] This invention relates to a fuel injector for use 
in the delivery of fuel under high pressure to a combus- 
tion space of an associated compression ignition en- 
gine. The invention relates, in particular, to a fuel injector 
of the type in which the timing of fuel delivery can be 
controlled independently of the injection pressure. 
[0002] In a typical injector of this type, two valves are 
used, one of the valves controlling the injection pres- 
sure, the other valve controlling the timing of com- 
mencement and termination of injection. The valve used 
to control the timing of injection is typically arranged to 
control the fuel pressure within a control chamber de- 
fined, in part, by a surface associated with the injector 
needle. Termination of injection is achieved by causing 
the control chamber pressure to rise, forcing the needle 
into engagement with its seating against a relatively high 
injection pressure. 

[0003] Termination of injection in this manner may 
give rise to unacceptably high levels of smoke and par- 
ticulate emissions, and it is an object of the invention to 
provide an injector in which this disadvantage can be 
avoided. 

[0004] According to the present invention there is pro- 
vided a fuel injector comprising a needle slidable within 
a bore, a surface associated with the needle defining, 
in part, a control chamber which communicates, through 
a restriction, with a supply passage, an injection control 
valve controlling communication between the control 
chamber and a low pressure reservoir, and a drain valve 
controlling communication between the supply passage 
and the low pressure reservoir, wherein the injection 
control valve and the drain valve include respective ar- 
matures moveable under the influence of a common 
electromagnetic actuator. 

[0005] The actuator may include separate windings 
which are energizabie independently to cause move- 
ment of the armatures. Alternatively, the actuator may 
include a single winding, energization of the winding to 
different levels causing movement of the armatures. 
[0006] In use, the injection control valve may be ar- 
ranged to open upon de-energization or partial de-en- 
ergization of the winding(s) to allow the control chamber 
pressure to fall, thus allowing injection to commence. 
Alternatively, the injection control valve may be ar- 
ranged to regulate the control chamber pressure, open- 
ing when the control chamber pressure exceeds a pre- 
determined level. 

[0007] The invention will further be described, by way 
of example, with reference to the accompanying draw- 
ings, in which:- 

Figure 1 is a sectional view illustrating part of an 
injector in accordance with a first embodiment; and 

Figure 2 is a view similar to Figure 1 illustrating an 
alternative embodiment. 



[0008] Figure 1 illustrates part of a unit pump injector 
which comprises a nozzle body 10 having a bore 11 
formed therein, a needle 12 being slidable within the 
bore 1 1 and engageable with a seating defined adjacent 

s a blind end of the bore 1 1 to control the flow of fuel from 
a delivery chamber 13 defined between the needle 12 
and the bore 11 to a plurality of outlet openings 14 lo- 
cated downstream of the seating. The needle 12 in- 
cludes angled thrust surfaces exposed to the fuel pres- 

10 sure within the delivery chamber 1 3, thus the application 
of fuel under high pressure to the delivery chamber 13 
applies a force to the needle 12 urging the needle 12 
away from its seating. 

[0009] The bore 11 includes a region of enlarged di- 

15 ameter which defines an annular gallery 15. The gallery 
1 5 communicates with a drilling 1 6 forming part of a sup- 
ply passage. Flutes or other formations are provided in 
the needle 12 to permit fuel to flow from the gallery 15 
to the delivery chamber 1 3, the needle 1 2 further includ- 

20 ing regions of diameter substantially equal to the diam- 
eter of the adjacent parts of the bore 11 to guide the 
needle 12 for sliding movement within the bore 11. 
[001 0] The end of the nozzle body 1 0 remote from the 
blind end of the bore abuts a spring housing 17. The 

25 spring housing is provided with drillings 18 which form 
part of the supply passage. The spring housing 17 is 
provided with a through bore including a region of en- 
larged diameter which defines a spring chamber 1 9, the 
spring chamber 1 9 being closed by a closure member 

30 20 which abuts the end surface of the spring housing 17 
remote from the nozzle body 10. A spring 21 is located 
within the spring chamber 20, the spring 21 extending 
between the closure member 20 and an abutment mem- 
ber 22 which abuts a projection extending from an upper 

35 part of the needle 12 which extends into the spring 
chamber 19. The spring 21 therefore applies a biasing 
force to the needle 12, urging the needle 12 into engage- 
ment with its seating. 

[001 1 ] The spring abutment member 22 includes a re- 
40 gjon 22a which is slidable within a bore formed in a pro- 
jection 20a of the closure member 20. The region 22a 
is of piston-like fit within the bore of the projection 20a. 
[001 2] Intermediate its ends, the bore of the projection 
20a is provided with a region of slightly enlarged diam- 
45 eter which defines, with the region 22a, an annular 
chamber which communicates through a drilling 25 and 
a groove formed in the upper surface of the closure 
member 20 with a drilling 26 forming part of the supply 
passage. 

so [0013] The surface of the closure member 20 remote 
from the spring housing 17 abuts a first distance piece 
27. The distance piece 27, closure member 20 and re- 
gion 22a together define a control chamber 23 which 
communicates via a restricted or controlled clearance 

55 between the region 22a and the wall of the bore of the 
closure member 20 with the annular chamber which 
communicates with the drilling 25. It will be appreciated, 
therefore, that fuel is able to flow at a restricted rate from 
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the supply passage to the control chamber 29. 
[001 4] The control chamber 28 further communicates 
with a drilling 29 formed in the distance piece 27, the 
drilling 29 communicating with a drilling 30 formed in a 
control valve housing 31 which abuts the surface of the 
distance piece 27 remote from the closure member 20. 
The drilling 30 opens into a through bore 32 formed in 
the control valve housing 31 , a control valve member 33 
being slidable within the through bore 32 and including 
a region of enlarged diameter which is engageable with 
a seating defined around part of the through bore 32 to 
control communication between the drilling 30 and a 
groove 34 formed in the upper surface of the distance 
piece 27, the groove 34 communicating with a low pres- 
sure chamber defined : in part, between the control valve 
housing 31 and a cap nut 35. In use, the low pressure 
chamber communicates with an appropriate fuel reser- 
voir or drain. 

[001 5] The control valve member 33 carries an arma- 
ture 36 which is moveable under the influence of the 
magnetic field generated, in use, by an actuator ar- 
rangement 37 including first and second windings 36, 
39. The actuator arrangement 37 is located within an 
actuator housing 40 which abuts the control valve hous- 
ing 31 . A drain valvo housing 41 abuts the surface of the 
actuator housing 40 remote from the control valve hous- 
ing 31 , the drain valve housing 41 abutting a pump hous- 
ing 42 including a bore 43 within which a pumping plung- 
er 44 is reciprocable under the influence of a cam and 
tappet arrangement (not shown) and a return spring (not 
shown). The bore 43 communicates with the supply pas- 
sage The cap nut 35 is secured to the pump housing 
42, the cap nut 35 securing the nozzle body 10, the 
spring housing 1 7, the closure member 20, the distance 
piece 27 and the control valve, actuator and drain valve 
housings 31 , 40, 41 to the pump housing 42. 
[001 6] The drain valve housing 41 includes a through 
bore 45 within which a drain valve member 46 is slida- 
ble, the drain valve member 46 being engageable with 
a seating to control communication between the supply 
passage and a passage 47 formed in the drain valve 
housing 41 which communicates with the low pressure 
drain reservoir, in use. The drain valve member 46 is 
secured to an armature 43 moveable under the influ- 
ence of the magnetic field generated, in use, by the sec- 
ond winding 39 of the actuator arrangement 37. A spring 
49 is located between the armature 36. 48, appropriate 
shims being located to achieve the desired level of pre- 
stressing of the spring 49, the spring 49 urging both the 
drain valve member 46 and the control valve member 
33 away from their seatings towards respective open 
positions. 

[0017] Starting from the position in which the plunger 
44 occupies its innermost position and in which the ac- 
tuator arrangement 37 is de-energized, the fuel pres- 
sure within the bore 43 and the supply passage is rela- 
tively low, and injection of fuel is not taking place. The 
plunger 44 is retracted from the bore 43 under the action 



of the return spring, such retraction of the plunger 44 
drawing fuel into the plunger bore 43 from the drain res- 
ervoir past the drain valve member 46. The movement 
of the plunger 44 therefore charges the plunger bore 43 
s with fuel. Once the plunger 44 has reached its outermost 
position, the plunger 44 will commence inward move- 
ment under the action of the cam and tappet arrange- 
ment. Whilst the actuator arrangement 37 remains de- 
energized: such inward movement of the plunger 44 
simply displaces fuel past the drain valve member 46 to 
the low pressure drain. The fuel pressure within the bore 
43 and the supply passage therefore remains relatively 
low, and is unable to lift the injector needle 1 2 away from 
its seating against the action of the spring 21 . 
[0018] When it is determined that pressurtzation of fu- 
el is to commence in order to achieve the desired injec- 
tion pressure at the appropriate point in the operating 
cycle of the injector, the actuator arrangement 37 is en- 
ergized, energizing both the first and second windings 
38, 39 thereof. Such energization causes the armatures 
36 : 48 to move towards the actuator arrangement 37, 
compressing the spring 49 and moving the drain valve^ 
member 46 and control valve member 43 into engage- 
ment with their respective seatings. As a result, fuel is 
unable to flow past the drain valve member 45 to the low 
pressure drain. The continued inward movement of the 
plunger 44 is therefore unable to displace fuel to the low 
pressure drain, and the continued movement results in 
pressurization of the fuel within the plunger bore 43 and 
the passages and chambers in communication there- 
with. The increase in the fuel pressure results in the fuel 
pressure within the control chamber 28 rising, fuel being 
unable to escape from the control chamber 28 as the- 
control valve member 33 engages its seating. As the fuel 
pressure within the control chamber 28 is relatively high, 
a relatively large magnitude force is applied to the nee- 
dle 12 assisting the spring 21 in ensuring that the needle 
12 remains in engagement with its seating, thus injec- 
tion of fuel does not take place, even though the delivery 
chamber pressure is rising. 

[0019] When injection of fuel is to commence, the first 
winding 38 of the actuator 37 is de-energized, and as a 
result, the control valve member 33 moves under the 
action of the spring 49 to permit fuel to escape Irom the 
control chamber 28 to the low pressure drain. The ar- 
mature 48 of the drain valve does not move, and so the 
drain valve member 46 remains in engagement with its 
sealing. 

[0020] The communication between the control 
chamber 28 and the low pressure drain permits the fuel 
pressure within the control chamber 28 to fall, thus re- 
ducing the magnitude of the force applied to the needle 
12 urging the needle 12 towards its seating, and a point 
will be reached beyond which the fuel under pressure 
within the delivery chamber 1 3 is able to lift the needle 
12 away from its seating, thus permitting fuel to flow to 
the outlet openings 14 the fuel then being delivered to 
the combustion space of an associated engine 
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[0021] During injection, fuelisabletoflowata restrict- 
ed rate to the control chamber 28, but the rate at which 
fuel is able to flow to the control chamber 28 is insuffi- 
cient to maintain the fuel pressure within the control 
chamber 28 at a sufficiently high level to prevent move- 
ment of the needle 12. 

[0022] Movement of the needle 1 2 away from its seat- 
ing is limited by engagement of the end part of the region 
22a with the first distance piece 27. Such engagement 
closes the drilling 29, thus breaking the communication 
between the control chamber 2£ and the low pressure 
drain. As a result, the fuel pressure within the control 
chamber 28 is able to rise. However, it will appreciated 
that at this point in the operating cycle of the injector, 
the increased fuel pressure acts upon only a relatively 
small effective area, thus the magnitude of the force ap- 
plied to the needle 12 by the fuel pressure within the 
control chamber 28 is insufficient to terminate injection. 
In order to assist in ensuring that communication be- 
tween the control chamber 28 and the drilling 29 is bro- 
ken at this point in the operating cycle of the injector the 
region 22a is conveniently shaped to define a seating 
which forms a good seal with the adjacent surface of the 
distance piece 27. 

[0023] In order to terminate injection, the actuator 37 
is totally de-energized, and as a result the drain valve 
member 46 is able to move away from its seating under 
the action of the spring 49. Such movement permits fuel 
to escape to the low pressure drain reservoir and as a 
result, the fuel pressure within the delivery chamber 13 
falls. The fuel pressure within the delivery chamber 13 
falls to an extent sufficient to allow the spring 21 to return 
the needle 1 2 into engagement with its seating, thus ter- 
minating the supply of fuel to the outlet openings 1 4 and 
terminating injection. Continued inward movement of 
the plunger 44 continues to displace fuel past the drain 
valve member 46 to the low pressure drain until the 
plunger 44 reaches its innermost position, thereafter the 
plunger 44 being retracted from the bore 43 as de- 
scribed hereinbefore. 

[0024] It will be appreciated that as the termination of 
injection is achieved by opening the drain valve and re- 
ducing the fuel pressure within the delivery chamber 1 3, 
the needle 12 moves into engagement with its seating 
against a relatively low fuel injection pressure, thus the 
risk of emission of unacceptably high levels of smoke 
and particulates is reduced. 

[0025] If the injector is used in an arrangement in 
which it is desired to achieve a pilot injection followed 
by a main injection, then the injection cycle may be mod- 
ified- by interrupting the injection when the quantity of 
fuel desired to be delivered during the pilot injection has 
been delivered by re-encrgizing the first winding 38 of 
the actuator 37 to return the control valve m mber 33 to 
its closed position, such movement permitting the fuel 
pressure within the control chamber 28 to rise to an ex- 
tent sufficient to cause the needle 12 to return into en- 
gagement with its seating. Subsequently, the main in- 



jection is commenced by de-energizing the first winding 
38 to relieve the fuel pressure within the control chamber 
28. Termination of injection is as described hereinbe- 
fore. It will be appreciated that in order to permit the in- 

5 jector to be operated in this manner, the injector must 
be modified to ensure that the drilling 29 remains in com- 
munication with the control chamber 28 even when the 
needle 12 occupies its fully lifted position. 
[0026] Although in the description hereinbefore, the 

*o actuator arrangement 37 is described as including sep- 
arate first and second windings 38. 39, it will be appre- 
ciated that by appropriately modifying the spring ar- 
rangement used to bias the valves towards their open 
positions, the injector may be controlled using an actu- 

f£ ator arrangement including a single winding, energiza- 
tion of the winding to a high level attracting both arma- 
tures towards the actuator to close both valves, ener- 
gization of the actuator to a lower level generating an 
attractive force sufficient to retain the drain valve in its 

20 closed position, but insufficient to hold the control valve 
member in its closed position. 

[0027] The injector illustrated in Figure 2 is similar to 
that of Figure 1 , and only the modifications thereto will 
be described in detail. In the injector of Figure 2, the 

2$ injection control valve member 33 takes the form of a 
tubular valve member the upper end of which is en- 
gageable with a surface of the actuator arrangement 37 
to control communication between the control chamber 
28 and a chamber 31a defined, in part, by the control 

30 valve housing 31 which communicates with the low 
pressure drain reservoir. In this embodiment, the control 
valve member 33 is not spring biased towards an open 
position. 

[0028] In use, the charging of the bore 43 with fuel 

35 and the commencement of pressurization of fuel are as 
described hereinbefore. Commencement of injection 
occurs in a somewhat different manner. 
[0029] Once pressurization of fuel has commenced, 
it will be appreciated that the fuel pressure within the 

40 control chamber 28 rises. A passage 33a of the tubular 
valve member 33 communicates with the control cham- 
ber 28, and so is exposed to substantially the same fuel 
pressure. As illustrated, the upper end of the passage 
33a is of enlarged diameter, and the application of fuel 

45 under pressure to the passage 33a of the valve member 
33 applies a force to the valve member 33 urging the 
valve member 33 away from the actuator arrangement 
37 against the action of the magnetic attraction between 
the actuator arrangement 37 and the armature 36. As 

s ° the fuel pressure within the control chamber 28 rises, a 
point will be reached beyond which the valve member 
33 is able to lift away from the actuator arrangement 37 
against the action of the magnetic attraction, thus per- 
mitting fuel to escape, and regulating the fuel pressure 

ss within the control chamber 28 so that the fuel pressure 
within the control chamber 28 is related to the magnitude 
of the attractive force between the actuator arrangement 
37 and the armature 36. 
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[0030] The magnitude of the attractive force can be 
controlled, for example by controlling the current flow- 
ing in the winding 38. 

[0031] As the plunger 44 continues to move inwardly, 
the fuel pressure within the injector, and in particular 
within the delivery chamber 13 rises. As the fuel pres- 
sure within the control chamber 28 is regulated in the 
manner described hereinbefore, the increasing fuel 
pressure within the delivery chamber 13 will reach a 
point beyond which the action of the fuel pressure within 
the delivery chamber 1 3 upon the thrust surfaces of the 
needle 12 will apply a sufficiently large force to the nee- 
dle 1 2 to permit the needle 1 2 to lift away from its seating 
against the action of the fuel under pressure within the 
control chamber 28 and the action of the spring 21. 
Clearly, as the magnitude of the fuel pressure within the 
control chamber 28 is dependent upon the magnitude 
of the attractive force between the actuator 37 and the 
armature 36, the fuel pressure within the delivery cham- 
ber 13 which causes the needle 12 lo lift away from its 
seating to commence injection can be controlled by con- 
trolling the level of energization of the winding 38. 
[0032] Once injection has commenced, the region 
22a moves into engagement with a seating defined by 
a shoulder of the closure member 20 to break commu- 
nication between the control chamber 28 and the pas- 
sage 33a of the valve member 33. As a result, further 
fuel is unable to escape from the supply passage 
through the control chamber 28 to the low pressure 
drain. 

[0033] When it is determined that injection should be 
terminated, the actuator 37 is totally de-energized, thus 
allowing the drain valve member 46 to lift away from its 
seating and permitting fuel to escape to the low pressure 
drain. As a result, the fuel pressure within the delivery 
chamber 1 3 reduces, and a point will be reached beyond 
which the needle 12 is able to return into engagement 
with its seating under the action of the spring 21. 
[0034] The arrangement illustrated in Figure 2 is ad- 
vantageous in that the timing of fuel injection is gov- 
erned by the timing at which the fuel pressure within the 
system reaches a predetermined pressure controlled by 
the energization of the first winding 38, rather than by 
controlling the timing at which the first winding 38 is de- 
energized. The control system used to control operation 
of the injection can therefore be simplified. 
[0035] In the embodiment illustrated in Figure 2, the 
restricted communication between the supply passage 
and the control chamber 28 is by way of a direct, restrict- 
ed drilling 25a rather than by way of a controlled clear- 
ance between the region 22a and the bore of the pro- 
jection 20a. As a result, the manufacturing process may 
bo simplified. It will be appreciated that this modification 
may also be incorporated in the arrangement of Figure 
1. 

[0036] If desired, as with the arrangement illustrated 
in Figure 1 , the actuator 37 may be modified to include 
a single winding, the actuator being arranged such that 
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when pressurization of fuel is to commence, the actuator 
is fully energi7ed to attract both armatures towards the 
actuator. The energization level of the actuator may be 
chosen to ensure that the drain valve member 46 re- 

s mains in engagement with its seating and to ensure that 
the control valve member 33 is able to lift away from its 
seating at the appropriate point in the injection cycle. 
Alternatively, after initial energization of the actuator, the 
energization level may be reduced to allow the control 

io valve member 33 to move away from the actuatorto per- 
mit commencement of injection, the energization level 
still being sufficient to ensure that the drain valve mem- 
ber 46 remains in engagement with its seating. 

75 

Claims 

1. A fuel injector comprising a valve needle (12) slid- 
able within a bore (11), a surface associated with 

20 the valve needle (12) defining, in part, a control 
chamber (28) which communicates, through a re- 
striction (25), with a supply passage, an injection 
control valve (33) controlling communication be- v 
tween the control chamber (28) and a low pressure * 

25 reservoir, and a drain vafvc (46) controlling commu : 

nication between the supply passage and the low 
pressure reservoir, wherein the injection control 
valve (33) and the drain valve (46) include respec- 
tive armatures (36, 48) moveable under the influ- 

30 ence of a common electromagnetic actuator (37). 

2. The fuel injector as claimed in Claim 1 , wherein the 
actuator (37) includes separate windings (38, 39) 
which are energizable independently to cause '. 

35 movement of the armatures (36, 48). 

3. The fuel injector as claimed in Claim 1 , wherein the 
actuator (37) includes a single winding, energiza- 
tion of the winding to different levels causing move- 

40 ment of the armatures (36, 48). 

4. The fuel injector as claimed in any of Claims 1 to 3, 
wherein the injection control valve (33) is arranged 
such that, in use, the injection control valve (33) 

45 opens upon de-energization of the single or respec- 
tive winding to allow fuel pressure within the control 
chamber (28) to fall, thereby allowing injection to 
commence. 

50 s. The fuel injector as claimed in any of Claims 1 to 3, 
wherein the injection control valve (33) is arranged 
such that, in use, the injection control valve (33) 
opens upon partial do-energization of the single or 
respective winding to allow fuel pressure within the 

55 control chamber (28) to fall, thereby allowing injec- 
tion to commence. 

6. The fuel injector as claimed in any of Claims 1 to 5, 
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wherein the injection control valve (33) is slidable 
within a bore (32) and is engageable with a seating 
defined by the bore (32) to control communication 
between the control chamber (23) and the low pres- 
sure reservoir. s 

7. The fuel injector as claimed any of Claims 1 to 6, 
including an abutment member (22) which defines 
the surface associated with the valve needle (12), 
wherein the abutment member (22) is arranged io 
such that, in use, when the injection control valve 
(33) is closed, fuel leakage from the control cham- 
ber (28) to the low pressure reservoir is minimised. 

8. The fuel injector as claimed in any of Claims 1 to 3, 75 
wherein the injection control valve (33) is arranged 
such that, in use, the injection control valve opens 
when fuel pressure within the control chamber (28) 
exceeds a predetermined level, the injection control 
valve (33) thereby regulating the control chamber 20 
pressure. 

9. The fuel injector as claimed in Claim 6, wherein the 
injection control valve (33) takes the form of a tubu- 
lar member which is engageable with a surface of 25 
the actuator (37) to control communication between 

the control chamber (28) and the low pressure res- 
ervoir. 
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(54) Fuel injector 

(57) A fuel injector comprising a valve needle (12) 
which is slidable within a bore ( 1 1 ), a surface associated 
with the valve needle (12) defining, in part, a control 
chamber (28) which communicates, through a restric- 
tion (25), with a supply passage. The fuel injector also 
includes an injection control valve (33) controlling com- 
munication between the control chamber (28) and a low 
pressure reservoir, and a drain valve (46) controlling 
communication between the supply passage and the 
low pressure reservoir. The injection control valve (33) 
and the drain valve (46) include respective armatures 
(36, 48) moveable under the influence of a common 
electromagnetic actuator (37). 
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